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Abstract

By combining the new generation VOCs dynamic gas distribution technology of permeation tubes
with the standard addition method of air matrix, an online calibration method for atmospheric

SEIERE

MCEFI: FEXL, A a. KT vocs /L BN ST AT SN A5 504, 2026, 14(3): 437-445.
DOI: 10.12677/iae.2026.143048


https://www.hanspub.org/journal/iae
https://doi.org/10.12677/iae.2026.143048
https://doi.org/10.12677/iae.2026.143048
https://www.hanspub.org/

&L A

VOCs monitoring instruments has been established, achieving real-time and matrix addition cali-
bration of volatile organic compounds such as benzene, ethylbenzene, and undecane in ambient air.
The calibration uncertainty is less than 5.1% (k = 2). Avoiding the significant instability and meas-
urement uncertainty caused by the traditional sample enrichment process, greatly improving the
calibration level and measurement accuracy. On this basis, the Calibration Specification for Atmos-
pheric Volatile Organic Compounds Online Monitoring Instruments (JJF 2257-2025) was formulated
and promulgated, providing metrological support for the calibration of volatile organic compound
atmospheric online monitoring instruments in China.
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1. 51§

IR SR R AN VOCs 153 I BTI6 & AR A U B S ml . (1], KRS E E 3)
000 ) 25 PR ) 0 Sy S 15 O B B Y S R A s T e TV SR A T D R S, (H AT
B, WL 2E, ASHE FE S AR 1) ). R E, KASARJEE VOCs WA G fr 43 2 A i
J7 B TR 1. AR EAS I BR CGRR)IEAE], PR R BRI A b AR T VRIS B A
PR FE G SR TR EAA T DR M A PR, (HE R MR, WLk Z, TIRERZ, WELRAHEE
Ky —MHRT 50% (k=2)0 2. MBEHEIMCARIME AR B LRI, AXERAHE il 26 A2 i i A vl <A e A3 21 1),
TARAE AR B LR H AT A BB B, X SR SERRFE i B SARAAERORZE 5, Rl AR A kL
[EETIFE R X FEADRE T R HE I 28 5 B0 = PR P AR B IRZE . 3 IREWRERER M
B AR DI AP 5 AR AR P DA R (1R, Fm itk SR R [ 2]-[6] -

AT R — AR T A fe e B B AR SRS R A 2 SIEEARAE R I 772 7]-[9], 456
WHE VOCs KFET7iE, SEILT M35 VOCs L M R 7R R ah AR e, 1om T AR Tt A
ROPERERGTE, (8 B AT ISR AT EE > 50% (k=2 MEARKT 5.1% (k=2). [N, #lET (KX
YRR WUDAE L W AR YERITE ) (JJF 2257-2025)[10], DABIR &2 #5511 BE i dERs . B4
— FORT R o

2. wRAERINTS

WIEL 1 BTz, FERE I 2 S0RE Sl RS IR 78 B BB SR L 2y OR . R R —8E5%), DAANERINE: X
DNREAARR, IR AR RS Yy NIRRT R LA, 13RI TR Y = aX + b, FISMEER B
MESFEMPRR, SR+ — S E, B X=0, Yo=5b[8][11][12].

3. #F1—K VOCs RIEEEMF

WG SRS S JF LA T FE [ VOCs F 81 BRGRIE Bl T il E 2 R 5221 (7], O] 7 —Fogir i voc
FRAEEIEIR, BOTBEE W 2 R RBES VOC BN LI s EAI T, il 2238 h gk s 1
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T AR R AT VY G LA 7E(40~60) KA US T il & B 2 4L VOC iZE LR BL(1& 2), mTLUE LI
TP VAR R RHBC L RAZ ] VOC BZEF KN, AW i) 2 LB IR B 18 b AT LA BT VOCs &
B, HT o 50 2 MIREZIASR N VOCs BB . [ 3 BHRB M i . i L ki — 2w,
VOC WHIZRHIREENE [, M VOC 21 &L PR BIS Z R SN, B @R 8l
7E, MIMTERFF VOCs btk Ui, 1277 e o A K G g ke T ] 3 AFRL L, B 4 92
BIERM AR ETE SRR SR, 42 DAREFRNT 3%). MRIR. BRIEfRIR. & 5 BEE SmE.
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Figure 1. Quantitative graphical representation of standard addition method
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Figure 2. Schematic diagram of liquid membrane permeation device structure
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Figure 3. Scanning electron microscopy image of porous barrier film
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Figure 4. VOCs permeation tube permeability stability experiment
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Figure 5. Physical porous barrier membrane VOCs permeation tube
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4. KSR VOCs I S EEBIER LR
4.1. RERERIT

K 6 NBhAT LRSS B — R TR~ .

KAKAER KA G B R BN BRGNP, —BERENSRIRERQ) R F), 5
—BRNBIEE R T TR QIR EN Fo, BT N: Fo=400 mi/min; @I FRRSAE F I
A KA 3B T 50 T L AN () TR BE AR UE AR G 10%- 30%- 50%- 80% LI B AE) . i H i 1 (4) V) e
HEN RS : ELB B S AL RGE(S) T A IR B (W BRI bR AR, X R ARHER & A (R,
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Figure 6. Schematic diagram of dynamic valve online calibration process

E 6. iSRS ELRERIERERE

4.2. STEBHRLIESIH

Yo CRAFE R VA HUADAEL WA ERRTE ) (JTF 2257-2025)BHATRSAESZIR[10], 5314 1 LI ¥E
(ABIE S B B b e 0 & B H A5 2.

1, XMTHBEE R AR R PMESE, AAERIE R (ng/min) ] EIZHIZEEBER
B HR S GC-MS (8] GC-FID. GC-FID-MS)#ERE & Ll i+ 575 3] A (1):

R = fy
" F+F,

x S, x1000 1)

Table 1. Calibration experiment data, temperature 7;: 30.5K; pressure Pi: 101.89 kPa
1. BOBEKIOMIE, JBE T: 300.5K; FEJIPi: 101.89 kPa

. FREARINE Ri» ng/min X35 58 B B TR TE AR I3 ME 4y

- &1 a2 wEm Y a1 &Y 2 Em Y
1 0.295 0.455 0.620 299.1 2243 399.1
2 0.885 1.365 1.860 833.3 618.9 1164.2
3 1.475 2.275 3.100 1465.5 1051.5 1921.4
4 2.360 3.640 4.960 2278.8 1678.4 3104.6

e R, BEEE 1 ONEE, BBEEBIER S = 0.59 ng/min; AAMEEY) 2 NZHE, BEEBIER S =091
ng/min; HIRLEY Y N+ —ht, BIEEBIER Sy=1.24 ug/min. Fi+Fo X B # 4 4000 ml/min; 1333 ml/min; 800
ml/min; 500 ml/min,
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X,
Fi NS MR SRR E, ml/min;
%%ﬁﬁm%ﬁ%%%%ﬁ%,ﬁ%=mmwmm
Fq N GC-MS (8 GC-FID)i# 5, EB&IMEAR (K Fs=2 ml/min), ml;
S NEFMGE i KIBIES, pug/min.
DIARAEZR NS Ri(ng/min) X (X 35 & 2 25 T T AR O IME Ay et G, AR 4 =aRi + b TEY
Ab bl AR b 1R RIRASRES R B A i 1 B IR I RUIAME (o). AT R: 410 = 6.69;
A20=6.73; Ayo=5.94; ¥ FIRIUEEIE(A0) TN T LA AE 22 BRI T 43 31K 5 VOCs 45T & 1H
DAFREAS I & (R, ng/min)BI 28 BC 5 bR HE SRR FE (XG, nmol/mol) XX &5 i & & U A AME Vi (¥
= Ay~ Ao) T /N ZRVFTHAT R G, R EUES AR AE N ZR 26 1 7 7 Yi=aXi+b. a NRLE, b NEIE.
PRUETR N B SIS B AG FIbRHE SRS X5 A R T
/ (F,+F,)
X, x1000 @
8.3145T
R
P NI T, kPa;
T NEIRE, K
F NEIESHCS MR SRR E, L/min;
Fo NAHAE @A M E: 0.4 ml/min;
SN BARMEEY i BB, pg/min;
M N BRCEY) i BRI, g/mol;
8.3145, JE/RS4AH &, L-kPa/(molK)
F1 2 30Q2) T H I RR S I 3 A L SR v SRR B2 (X, nmol/mol) RIS . (1) A0 28 72 f2 15 1 U [ RS
(Y, Yi=A;— A))FINTE 2 .

Table 2. Standard addition amount, dynamic gas distribution, standard gas concentration, and corresponding quantitative ion
peak area

2. AERMESSRESAESEREREENEES FIEER

. eI EE (X, nmol/mol) BB I I AIIMEY, Yi= Ay — Aio)
i Hisfbad 1 Bisfea®m2 ... Hika¥y Bifea®1l  Hisfea®m2 . Hisawi
1 46.3 52.5 484 282.4 217.6 393.2
2 139.0 157.7 145.3 826.6 612.2 1158.3
3 2315 262.7 242.1 1458.8 1044.8 1915.5
4 370.4 420.4 387.3 2292.1 1671.7 3098.7
EONSEAE Y INE

HIrLEW 1 B4 518: Y =6.2487X— 14.765; R?=0.9993;
HErb &Y 2 2R RHERZ T FE: ¥=3.9693X+0.1218; R?=0.9998;
Hirb &M Y ki mh gk 5 2. Y=7.9774X - 0.1289; R2=10.9999,
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5. SFEZTES VOCs MBS EERERERETNHEEITE
5.1. FFEEH

(1) HEEREE: (20~30)C; (2) AHXTRIE: <85%; (3) K H: (80~106)kPa; (4) fLHEHIE: AC (220
+22)V, (50+ 1)Hz.

MEFRHE: REREAR T RARFEL A THLIE T 10%, 30%. 50%FH 80%E’Jﬁ/ﬁ o bR HES
PRTT DL B SN IR R R A, TR Ja HIARHE S AN A 2 JEA KT 5%, k=20 HEi48S VOCs
M DA 7 2 s v L e B s v A A7 A s R

BERAN RS s RAIE RN WAL 2R M AR AT

MR KBS AELRHEEERANRN RS, BRI, REFIES TERS. mikim
%, BAIRFELN THLINE G S0%MIARAE R, FHE B E G, L6 R E & & T A EAR
P Ay MAERRE, BN E Ay S50 R HE 2R R RS B S TR Yy AR R, N

AN R E R 2 .
52, REERRERETMHEEITLENNEHFER
M EH AT R
ac =5 7Y 100w 3
i Yij x 0 ( )
o,
i NEEED) i

J RN TR AN FIIR I, X BN 50% Lt .
AC, BB RHIRZ, %
Ay IR 7B B B UG TH AR I ME
Y B 2R 5 R AT B ) S I T A .
B AR3), B 4; F Y AAEE D EAHMEA K, 7S H R E R Z R A
TEE A AN
U (AC) =iy (¥;) + i (4) )
g (AC, ) 52 M G AN 2
o (%, ) G 27 R A5 50 0 2 0 U TR TR v A 2
o (A ) PICER TR (B ASE P (B 28 ) BB A 52

5.3. B E B RIR

1o ISR o R v R e T B4R ) 51N PR A if 5 2

2. MEREEVEGIANMATERL . N RERAE BRI S 1225 P 20 A LA ) B B
.
54. BERMANENIFETRERTE

5.4.1. MEFREEERZN T EE) SIANNENFERHER u,,
WRIGESERE, k5 OFRAE AR AN E EAK T 5% (k = 2), AR ARAEAH E L T 50N :
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U, =25% .

xrel
54.2. WEESHSIANNENRENHEE o,
P H A By GC-MS 73 WA, ARRE i ) UAARHEYI B (LA 50% TAL I EE By, fEF—%1
THEENE 6 K, HEEEE FIEIRNELSSE, HEHSSRSRirdEmzE, B LM+ —kih
B, SRESRIE 3 PR,

Table 3. Standard deviation of repeatability measurement values

*® 3. BEREEMNSENERE

R R IR BE A xs LS M st
umol/mol Al Ao A3 Aa As Ao 4 %
P 0.232 1447.2 1459.1 1449.9 1457.4 1460.5 1478.9 1458.8 0.76
LK 0.263 1049.2 1058.5 1036.3 1040.1 1036.8 1047.8 1044.8 0.83
+—¥ 0.242 1907.9 1918.7 1909.5 1927.4 1914.9 1914.7 1915.5 0.37

FH ST S5 (R AR R A 14 i 22 8 s A2 W 62 B 53 M 5 | N PRI ARG B AN 5 2
B 1 AT AR s (B W & 5 A R 5N (R AR R A AN 2 P«
U = 0.76%/\/6 = 0.4% 1w, =0.83%/6=04%: u| ., =0.37%/V6=02%.
5.5. ARIRETTEE
AEXTFRAEAHA E P2 A X (5)THRAT 2

Ucrel = k X ucrel = 2 X ucrel (5)
AR AR A B VT &5 R A T4 4 e
Table 4. Uncertainty assessment and synthesis results
F4 THEETERERER
S, i SVERaY AR . N . . o ,
w0 OO NIRRT, 1,
4 xrel
AC, 2.5% 0.4% 2.54%
AC, 4 2.5% 0.4% 2.54%
AC, 2.5% 0.2% 2.51%
56. Y RATHEE
A E B T A
Ucrcl = k X ucrc] = 2 X ucrc]
50% LOLI 2 EFARRAE RURE R ZANT BAEE, HERNGSHT F=2, HXNIEFEHEEY
N 95%:

Upa (ACy ) =5.1% (k=2)
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Upa (AC, ) =5.1% (k =2)
Ucrcl (Ac‘f“rﬁ: ) = 51% (k = 2)
6. &g

FEARFFLARF, 2 RS P ARSI . 0 iAo T 1 I & 1k e AN pm v
TR S S AE kS, A0 M A% R R DI B I R 2 T B (A bl AT S AT SE A, FEAL
AEP AT IR, R E TP EATRAE,  RE 7 o s TR R R I A TSI BB A SR
KA AR AR S MDA RAERE I, 0 45 RIS IR AR BT %, B SO X s 4 e B
TV AR ED) S ARMEAS I B () AT ARG, T 3RAS 22 b A Al 2 ) 5 2 B Ve i AR P B G 5 o
LRARER Aio), FRIERDRSHE - ZE AT AT SR 7R o 534k, 23S0 dn O 5 S TR & U ) B A
S B I TAHE B RORIRN A TR . AR SRR R BRI SRR R HE S SR A AN
B, RKERIC VT RHEATE L, 320 1 R AR L .

E&UH

15 T 3 P 0 o P Bl AR R 7 5 % W0 2 PRl VOCs E 2R MBS el 1 22
ANL2403.
S5 3wk
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